Three-dimensional geometry of the upper boundary of the Pacific plate subducting beneath Hokkaido, Japan, was obtained using the ScSp phase: the phase converted from ScS (S wave reflected at the core-mantle boundary)
Introduction 1
Regions around subducting plates or slabs are recognized to be highly 2 anomalous in the propagation of seismic waves for a long time. Tomographic 3 studies have been widely conducted in subduction zones over the world to 4 determine large-scale spatial distribution of P and/or S-wave velocities (e.g., discontinuity of the earth's interior, due to its dominant role over various 10 geodynamic activities in a subduction zone. It has been studied extensively 11 using focal mechanisms in slab, reflected and/or refracted waves for local or 12 artificial events, and receiver function analysis for teleseismic events. Never-13 theless, one of the most straightforward and effective seismic approaches to 14 focus on the profile of the upper plate boundary is the use of ScSp phase.
15
ScSp is the wave observed as a precursor of ScS that is reflected from the 16 core-mantle boundary (CMB) and then propagates upwards nearly vertically.
17
It is converted from S (ScS) to P wave at the upper boundary. In comparison 18 with ScS, the measurement of ScSp eliminates all the complicated effects such 19 as source, station site and lateral heterogeneities other than the upper plate 20 boundary, so that the value of boundary depth can be estimated directly with 21 good precision. Okada (1979) was the first attempt to profile a subducting 
26
In Japan, ScSp phases are observed clearly in some areas, and have been 27 used to estimate the depth profile of upper plate boundaries even before 28 the deployment of the high-density seismic network, Hi-net, in late 1990s: 29 for example, in the Chugoku-Shikoku region by Nakanishi (1980) and in the 30 Kanto region by Iidaka and Obara (1993) . Thanks to the recent deployment 31 of high-density seismic networks over the world resembling the Hi-net system 32 in Japan (Obara, 2003) , it is possible to obtain a detail trajectory in depth of 33 the upper boundary of a subducting plate. Umino et al. (2002) obtained the 34 overall depth distribution of subducting plates in and around Japan, using 35 the Hi-net data.
36
In contrast, the ScSp phase has not been observed clearly in the Hokkaido 37 region, except for some limited areas close to the trench axis (e.g., the sta-38 tion KMU located at Cape Erimo, as observed by Okada (1979) Hokkaido as a part of the seismic network, Hi-net, deployed over the Japanese 74 islands (Obara, 2003) . It is desirable that an impulsive ScS wave of large amplitude is incident to the upper plate boundary upwards as vertically as 
82
In preprocessing of the present data, we removed instrumental response range between -12 s/km and zero (e.g., Kawakatsu and Niu, 1994) . In this 131 study, we employ N th-root stacking (Kanasewich, 1973) 
where given block. In this example, we obtain t=-25.0 sec and p= -7.25 km/deg. arrival. After such iteration steps, the plate model to give the maximum
229
ScSp energy was judged to be the best. Figure 6 shows the best plate models 
f -k Spectral Analysis

240
The stacking analysis in the previous section may be appropriate to ob- With the travel time t 0 of a specific wave (ScSp phase in this case) at the 263 reference station of (x 0 , y 0 ), the time shift t i for the record at the i-th station 264 located at (x i , y i ) at frequency ω may become
By summing the total of N records w i (t) at the i-th station by the time shift 266 t i in equation (3), we get the following beam output:
The f -k power spectrum is the Fourier transform of the auto-correlation 268 (denoted by < >) of beam outputs:
At a given frequency ω, the maximum of these power spectra in the wavenum-270 ber domain gives the slowness and back-azimuth of the arriving phase as 271 follows:
In this study, we assume each of all the 112 stations as a reference station array.
298
Since the number of the estimated depths and locations of the upper plate 299 boundary is limited with our present data set, we could not make a complete in record are too weak to be identified.
347
We first confirmed the existence of ScSp signals in our data set by simple we calculated ray paths of ScSp phases for vertically upgoing plane ScS waves.
351
The travel time (i.e., time lag) was computed for ScSp relative to ScS at 352 each sub-block with these rays, and records were stacked with the time lag.
353
The optimal 2-D profile of the upper boundary was then inverted for each 
371
The Hi-net in Japan is still one of the best local seismic arrays over the 372 world for their quality, density, aperture and uniformity in data (Obara, 
380
Array analyses such as those presented in this study are essential to obtain 381 the image of the upper plate boundary, the strongest structural boundary, in 382 this specific subduction zone of Japan, which should be also useful to many 383 subduction zones in the world.
384
Even with the present Hi-net data, we could utilize cross-correlations The waveform data used in this study were provided by the Institute of 
